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©  Bubble  memory  structure. 

A  bubble  memory  structure  includes  a  magnetic  field 
shield  (24,  34),  a  bubble  memory  chip  (30,  42)  within  said 
shield  means;  means  (28,  40)  for  generating  a  rotating 
magnetic  field  in  the  vicinity  of  said  bubble  memory  chip; 
and  a  permanent  magnet  (26,  38)  so  shaped  as  to  produce 
a  bias  magnetic  field  which  is  substantially  uniform  over 
the  antire  bubble  memory  chip. 



This  i n v e n t i o n   r e l a t e s   to  bubble   memory  s t r u c t u r e s .  

Accord ing   to  one  a spec t   of  the  p r e s e n t   i n v e n t i o n ,   t he re   i s  

p r o v i d e d   a  bubble   memory  s t r u c t u r e   i n c l u d i n g :   a  magnet ic   f i e l d  

s h i e l d i n g   means;  a  bubble  memory  chip  w i t h i n   sa id   s h i e l d   means ;  

means  for  g e n e r a t i n g   a  r o t a t i n g   magnet ic   f i e l d   in  the  v i c i n i t y  

of  sa id   bubble  memory  chip;  and  c h a r a c t e r i s e d   by  p e r m a n e n t  

magnet  means  so  shaped  as  to  produce  a  b i a s   magnet ic   f i e l d  

which  is  s u b s t a n t i a l l y   uniform  over  the  e n t i r e   b u b b l e  

memory  c h i p .  

In  one  embodiment,   said  permanent   magnet  means  is  a  p e r m a n e n t  

magnet  which  is  t h i c k e r   in  a  c e n t r a l   r eg ion   d i s p o s e d  

a d j a c e n t   said  bubble   memory  chip  than  in  r eg ions   d i s p o s e d  

a d j a c e n t   to  the  edges  of  said  c h i p .  

In  ano the r   embodiment,  s a i d  p e r m a n e n t   magnet  means  is  a  

permanent   magnet  of  s u b s t a n t i a l l y   c o n s t a n t   t h i c k n e s s   and  

con tou red   to  be  c l o s e r   to  said  bubble   memory  chip  at  a 

c e n t r a l   area  than  in  r eg ions   d i s p o s e d   a d j a c e n t   to  the  e d g e s  

of  the  c h i p .  

The  permanent   magnet  means  may  be  made  of  a  c e r a m i c  

m a t e r i a l   such  as  barium  f e r r i t e   c e r a m i c .  

The  permanent   magnet  means  may  comprise  two  s i m i l a r l y  

shaped  permanent   magnet  means  d i s p o s e d   on  o p p o s i t e   s ides   o f  
said  bubble   memory  c h i p .  

The  i n v e n t i o n   is  i l l u s t r a t e d ,   merely  by  way  of  example,  i n  



the  accompanying  drawings   in  w h i c h : -  

F igure   1  is  a  c r o s s - s e c t i o n   of  a  known  bubble  memory 

s t r u c t u r e ;  

F igure   2  is  a  p a r t i a l   c r o s s - s e c t i o n a l   view  of  one 

embodiment  of  a  bubble   memory  s t r u c t u r e   accord ing   to  t h e  

p r e s e n t   i n v e n t i o n ;   a n d  

F igure   3  is  a  p a r t i a l   c r o s s - s e c t i o n a l   view  of  a n o t h e r  

embodiment  of  a  bubble   memory  s t r u c t u r e   acco rd ing   to  t h e  

p r e s e n t   i n v e n t i o n .  

R e f e r r i n g   now  to  F igure   1,  a  known  bubble  memory 

s t r u c t u r e   10  has  a  s h i e l d   12.  Within  the  s h i e l d   12  are  two 

permanent   magnets  14.  A  l e v e l l i n g   or  smoothing  p l a t e   16  i s  

d i sposed   a d j a c e n t   each  magnet  and  a d j a c e n t   each  p l a t e   16  t h e r e  

is  a  f i e l d   co i l   18.  A  bubble   memory  chip  20  (shown 

d i a g r a m a t i c a l l y )   is  p r o v i d e d   in  the  c e n t r e   of  the  b u b b l e  

memory  s t r u c t u r e   10  between  the  f i e l d   c o i l s   18.  The  m a g n e t s  

14  are  p l a n a r .   The  p l a t e s   16  are  of  a  high  p e r m e a b i l i t y  

m a t e r i a l   to  help  l e v e l   the  loss   of  f lux  d e n s i t y   n o r m a l l y  

occu r ing   in  the  c e n t r a l   area  of  the  magnets .   These  p l a t e s   16 

are  u s u a l l y   a d j a c e n t   to  the  r e s p e c t i v e   f i e l d   c o i l s   18.  S i n c e  

the  f i e l d   c o i l s   o p e r a t e   at  a  f r equency   of  the  order   of  100  t o  

400  kHz,  high  eddy  c u r r e n t   and  h y s t e r e s i s   l o s se s   can  occur  i f  

the  p l a t e s   16  are  not  formed  o f  l ow   loss   m a t e r i a l s   such  a s  

l i n e a r   f e r r i t e .  

The  magnet ic   f lux  in  the  c e n t r a l   area  of  the  b u b b l e  

memory  s t r u c t u r e   of  F igu re   1  is  reduced  by  s o - c a l l e d   " s e l f -  

d e m a g n e t i z i n g   f o r c e s " .   I t   is  p o s s i b l e   to  o f f s e t   the  e f f e c t s  

of  the  s e l f - d e m a g n e t i z i n g   f o r c e s   by  i n c r e a s i n g   the  m a g n e t i c  

f o r c e s   in  the  c e n t r a l   area   of  the  p l a t e s   16.  One  way  o f  

i n c r e a s i n g   the  magne t ic   fo rce   of  a  magnet  is  to  i n c r e a s e   i t s  



" l e n g t h "   which  c o r r e s p o n d s   to  an  i n c r e a s e   in  i t s   t h i c k n e s s  

G e n e r a l l y ,   the  amount  of  magnet ic   m a t e r i a l   compr i s ing   a 

magnet  is  i n c r e a s e d   to  i n c r e a s e   magnet ic   f l u x .  

F igure   2  shows  an  embodiment  of  a  bubble  memory  s t r u c t u r e  

22  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   in  which  the  m a g n e t i c  

fo rces   are  of  r e l a t i v e l y   i n c r e a s e d   s t r e n g t h   in  i t s   c e n t r a l  

area  as  a  r e s u l t   of  i n c r e a s i n g   i t s   " l eng th"   or  e f f e c t i v e  

t h i c k n e s s .   Thus,  the  bubble  memory  s t r u c t u r e   22  has  a  s h i e l d  

device   24,  a  con tou red   permanent   magnet  26,  a  f i e l d   c o i l   28  f o r  

g e n e r a t i n g   a  r o t a t i n g   magnet ic   f i e l d   and  a  bubble   memory 

chip  30.  Since  the  bubble   memory  s t r u c t u r e   is  s y m m e t r i c a l  

about  the  bubble  memory  chip  30,  i t   is  only  p a r t i a l l y   shown. 

The  magnet  26  is  p r e f e r a b l y   made  of  low  p e r m e a b i l i t y   m a t e r i a l  

having  a  high  e l e c t r i c a l   r e s i s t a n c e ,   such  as  a  c e r a m i c  

m a t e r i a l .   More  p a r t i c u l a r l y ,   the  magnet  may  be  made  of  a  

barium  f e r r i t e   ce ramic .   The  magnet  26  may  be  formed  in  any 

of  a  v a r i e t y   of  known  ways  with  the  a p p r o p r i a t e   m a t e r i a l s .  

The  magnet  26  has  i t s   t h i c k n e s s ,   and  t h e r e f o r e   i t s   s t r e n g t h ,  

i n c r e a s e d   at  edges  A  to  o f f s e t   the  e f f e c t   of  f r i n g e   m a g n e t i c  

f i e l d s .   This  f r i n g e   edge  e f f e c t   needs  to  be  o f f s e t   only  if   t h e  

u l t i m a t e   s ize   of  the  magnet  must  be  reduced  for  the  b u b b l e  

memory  chip  30.  F u r t h e r ,   at  the  c e n t r a l   area  B  of  the  m a g n e t ,  

the  t h i c k n e s s   of  the  magnet  is  i n c r e a s e d   to  o f f s e t   the  s e l f -  

d e m a g n e t i z a t i o n   f o r ce s   which  occurs  as  a  r e s u l t   of  a  c o m p a r a t i v e l y  

high  a r e a - t o - l e n g t h   r a t i o .   This  l oca l   v a r i a t i o n   in  m a g n e t i c  

f lux  d e n s i t y   c r e a t e s   a  uniform  f i e l d   at  the  bubble   c h i p .  

R e f e r r i n g   now  -to  F igure   3,  ano ther   embodiment  of  a  

bubble  memory  s t r u c t u r e   32  accord ing   to  the  p r e s e n t   i n v e n t i o n  

is  shown.  As  b e f o r e ,   a  s h i e l d   34  su r rounds   a  f i e l d   co i l   40 

and  a  bubble   memory  chip  42.  A  f i l l e r   p l a t e   36  is  p r o v i d e d  

immed ia t e ly   i n t e r n a l l y   of  the  s h i e l d   34  and  is  of  an  

a p p r o p r i a t e   shape  to  hold  a  magnet  38.  The  a c t u a l   t h i c k n e s s  



of  the  magnet  38  is  uniform  whereas  the  t h i c k n e s s   of  t h e  

magnet  26  as  shown  in  F igure   2  is  n o n - u n i f o r m .   However,  t h e  

e f f e c t i v e   t h i c k n e s s   of  the  magnet  38  is  v a r i e d .   The  r e q u i r e d  
v a r i a t i o n   of  the  magnet ic   f lux  d e n s i t y   at  the  bubble   memory 
chip  42  shown  in  F igure   3  to  compensate   for  s e l f   d e m a g n e t i z i n g  

f o r c e s ,   is  produced  as  a  r e s u l t   of  the  spac ing   between  t h e  

magnet  and  the  chip.   Thus,  the  p l a t e   36  causes   the  m a g n e t  
38  to  have  a  very  small   a i r   gap  in  the  c e n t r a l   r e g i o n  

where  the  magnet  produces   the  weakes t   magnet ic   f i e l d .  

Al though  the  a i r   gap  in  F igure   3  is  only  r e p r e s e n t e d  

d i a g r a m a t i c a l l y ,   the  a c t u a l   gap  be ing   much  s m a l l e r   than  t h a t  

r e p r e s e n t e d ,   the  p r i n c i p l e   is  t h a t   the  e f f e c t   of  the  m a g n e t i c  

f i e l d   is  enhanced  where  the  magnet  i t s e l f   is  weakes t   by  

e s t a b l i s h i n g   a  g r e a t e r   e f f e c t i v e   t h i c k n e s s   by  having  a  

s h o r t e r   e f f e c t i v e   magnet ic   f lux   p a t h .  

F u r t h e r   v a r i a t i o n s   of  the  embodiment  shown  in  F igure   3 

i n v o l v e s   shaping   the  s h i e l d   34  in  a  con toured   f a sh ion   t o  

e l i m i n a t e   the  p l a t e   3 6 .  



1.  A  bubble  memory  s t r u c t u r e   i n c l u d i n g   a  magnet ic   f i e l d  

s h i e l d i n g   means  (24,34);   a  bubble  memory  chip  (30 ,42)  

w i th in   sa id   s h i e l d   means;  means(28 ,40)   for  g e n e r a t i n g   a 

r o t a t i n g   magnet ic   f i e l d   in  the  v i c i n i t y   of  said  b u b b l e  

memory  chip;  and  c h a r a c t e r i s e d   by  permanent   magnet  means 

(26,38)  so  shaped  as  to  produce  a  b ias   magnet ic   f i e l d   w h i c h  

is  s u b s t a n t i a l l y   uniform  over  the  e n t i r e   bubble  memory  c h i p .  

2.  A  s t r u c t u r e   as  c laimed  in  claim  1  c h a r a c t e r i s e d   in  t h a t  

said  permanent   magnet  means  is  a  permanent   magnet  (26)  wh ich  

is  t h i c k e r   in  a  c e n t r a l   r eg ion   d i sposed   a d j a c e n t   sa id   b u b b l e  

memory  chip  than  in  r eg ions   d i sposed   a d j a c e n t   to  the  edges  o f  

sa id   c h i p .  

3.  A  s t r u c t u r e   is  claimed  in  claim  1  c h a r a c t e r i s e d   in  t h a t  

said  permanet   magnet  means  is  a  permanent   magnet  (38)  o f  

s u b s t a n t i a l l y   c o n s t a n t   t h i c k n e s s   and  con tou red   to  be  c l o s e r   t o  

sa id   bubble  memory  chip  at  a  c e n t r a l   area  than  in  r e g i o n s  

d i sposed   a d j a c e n t   to  the  edges  of  the  c h i p .  

4.  A  s t r u c t u r e   as  claimed  in  any  p r eced ing   claim  c h a r a c t e r i z e d  

in  t h a t   the  permanent   magnet ic   means  (26,38)  are  made  of  a  

ceramic  m a t e r i a l .  

5.  A  s t r u c t u r e   as  c laimed  i n  a n y   p r e c e d i n g   c l a i m  

c h a r a c t e r i z e d   in  t h a t   the  permanent   magnet ic   means  (26 ,38)  

are  made  of  a  barium  f e r r i t e   c e r a m i c .  

6.  A  s t r u c t u r e   as  claimed  in  any  p r e c e d i n g   c l a i m  

c h a r a c t e r i z e d   in  t h a t   the  permanent   magnet ic   means  (26 ,38 )  

comprises   two  s i m i l a r l y   shaped  permanent   magnet  means  d i s p o s e d  

on  o p p o s i t e   s ides   of  said  bubble  memory  c h i p .  
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